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Abstract
Background: The R project includes a large variety of packages designed for spatial statistics. Google dynamic maps
provide web based access to global maps and satellite imagery. We describe a method for displaying directly the
spatial output from an R script on to a Google dynamic map.
Methods: This is achieved by creating a Java based web application which runs the R script and then displays the
results on the dynamic map. In order to make this method easy to implement by those unfamiliar with programming
Java based web applications, we have added the method to the options available in the R Web User Interface (Rwui)
application. Rwui is an established web application for creating web applications for running R scripts. A feature of
Rwui is that all the code for the web application being created is generated automatically so that someone with no
knowledge of web programming can make a fully functional web application for running an R script in a matter of
minutes.
Results: Rwui can now be used to create web applications that will display the results from an R script on a Google
dynamic map. Results may be displayed as discrete markers and/or as continuous overlays. In addition, users of the
web application may select regions of interest on the dynamic map with mouse clicks and the coordinates of the
region of interest will automatically be made available for use by the R script.
Conclusions: This method of displaying R output on dynamic maps is designed to be of use in a number of areas.
Firstly it allows statisticians, working in R and developing methods in spatial statistics, to easily visualise the results of
applying their methods to real world data. Secondly, it allows researchers who are using R to study health
geographics data, to display their results directly onto dynamic maps. Thirdly, by creating a web application for
running an R script, a statistician can enable users entirely unfamiliar with R to run R coded statistical analyses of
health geographics data. Fourthly, we envisage an educational role for such applications.
Introduction
Spatial statistical analysis with graphical display of data on
geographic maps plays a core role in health geographics.
Much of the pioneering work being done in the ﬁeld of
spatial statistical methodology is made available in pack-
ages from the R Project [1,2]. Google dynamic maps are a
versatile source of global maps and satellite imagery, read-
ily accessible via the internet [3]. We describe an easy to
implement method for joining together these two freely
available technologies.
*Correspondence: richard.newton@mrc-bsu.cam.ac.uk
1MRC Biostatistics Unit, Robinson Way, Cambridge, UK
Full list of author information is available at the end of the article
Spatial statistics are used primarily in two related roles
in health geographics, for research into spatial aspects
of a disease and for disease prediction with a view to
most accurately targeting health resources [4]. An exam-
plewouldbetheapplicationofremotesensingandgeosta-
tistical models to schistosomiasis control in Africa [5-8].
Google maps are already used in health geographics for
surveillance and to aid disease management programs
[9-11]. But to date, statistical analyses have not been
directly integrated with the use of Google dynamic maps
for data visualisation.
The R project contains many packages relevant to sta-
tistical analysis as applied to health geographics. All the
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dataoperationscommonlyrequiredbyageographicinfor-
mation system are provided by packages such as sp [12],
raster [13] and plotKML [14], and those packages that
enable access through R, to projects such as SAGA [15]
(rsaga [16]), GDAL [17] (rgdal [18]), GEOS [19] (rgeos
[20]) and PROJ.4 [21] (proj4 [22]). Packages such as spa-
tial [23], spatstat [24], gstat [25], DCluster [26] and others
provide a huge variety of functions for performing spatial
statistics. The Cran Task View ‘Spatial’ provides a useful
summary of the packages available [27].
Graphical display of data on geographic maps is an
important part of statistical analysis in health geograph-
ics. Previously we have described a method of displaying
results from R scripts on Google static maps [28]. Google
dynamic maps [3] have more ways of displaying data on
a map and also allow the user to zoom and pan the map,
so that the map, and any superimposed data, can easily be
viewed at a huge range of spatial resolutions. They also
allow the user to switch between diﬀerent views, namely
road, satellite or terrain maps. Because of this we have
developed a method by which the results from an R script
can be displayed directly onto a Google dynamic map.
W ea c h i e v et h i sb yc r e a t i n gaJ a v ab a s e dw e ba p p l i c a -
tion which runs the R script and then displays the results
on the Google dynamic map. We provide technical details
of exactly how this is done in Additional ﬁle 1. However
we recognised that creating a Java based web application
to run an R script would be time-consuming for anyone
unversed in web programming, and this would limit the
useofthemethod.Thereforeinordertomakethemethod
easy for anyone to implement, even if they are entirely
unfamiliar with creating Java based web applications, we
have added the method to Rwui. Rwui is an established
web application for creating web applications for running
R scripts. A feature of Rwui is that all the code for the
web application being created is generated automatically
so that someone with no knowledge of web programming
canmakeafullyfunctionalwebapplicationforrunningan
Rscriptinamatterofminutes.Figure1showsaschematic
ﬂow diagram of the procedure.
Rwui allows a statistician, for example, to design a web
application suitable for their R script on a sequence of
web pages. By selecting options on Rwui’s web pages, a
web application can be generated with no additional pro-
gramming. Once Rwui has generated the web application,
thepersoncreatingthewebapplicationdownloadsitfrom
the ﬁnal web page of Rwui. Once downloaded, the web
application then needs to be installed on a suitable server
in order to be used. Installing a web application created by
Rwui is simply a matter of copying one ﬁle to the server.
Full instructions are given in Rwui’s help ﬁle [29].
AtypicalwebapplicationcreatedbyRwuipresentsusers
with a web page in their browser window in which they
can upload data and/or select options such as parameter
Figure 1 Schematic ﬂow diagram of procedure. Showing how to
create a web application using Rwui.
values. The web application runs the R script automati-
cally, making the data and parameter values entered by
the user available to the R script. On completion of the
R script the results are returned to the user’s web page.
Results can be displayed in a number of formats, selected
when the web application is being designed, including the
option of displaying results superimposed on a Google
dynamicmap.Resultsmaybedisplayedonthemapasdis-
crete markers and/or as a continuous overlay. In addition,
users of the web application may select regions of interest
on the dynamic map with mouse clicks and the coordi-
nates of the region of interest will automatically be made
available for use by the R script at the next press of the
‘Analyse’ button.
BecausetheRscriptisrunbyawebapplicationtheanal-
ysis can, of course, be accessed remotely over the web, and
by multiple users at any one time. It is however also pos-
sible to install the web application on a single stand-alone
machine.
Integrating R scripts with Google dynamic maps in this
direct manner has a number of potential uses. Firstly it
allows statisticians, working in R and developing methods
in spatial statistics, to easily visualise the results of apply-
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researchers who are using R to study health geographics
data for outbreak management, public health planning,
and other geographic-data intensive tasks to display their
results directly onto dynamic maps. Thirdly, by creating
a web application for running an R script, a statistician
for example, can enable users who are entirely unfamil-
iar with R to run the statistician’s R coded analysis of
health geographics data. Users of web applications cre-
ated by Rwui have no contact with the actual R script,
which runs out of sight on the server; all that users see is
the web pages of the application in their browser window.
Fourthly, we envisage an educational role for such appli-
cations. By leveraging the interactive features of Google
dynamic maps, various aspects of spatial statistical analy-
ses can be explored in a visual, intuitive way.
Certainprofessions,suchasﬁeldepidemiologyandpub-
lic health, require platforms that are capable of storing,
processing and analyzing data using advanced, custom
statistical routines, and facilitate the interpretation of
these results through geospatial visualization. These tasks
are commonly performed during a community health
assessment, or the management of an outbreak. Hence,
computational systems that can perform all of these tasks
are essential [30]. Many clinicians performing this work
do not have the skills or time to write custom statistical
routinestoprocesstheirdata,thendevelopauser-friendly
application (which could be used by other clinicians for
data processing, rather than re-running complex scripts),
and then import these results into a geospatial map-
ping platform for visualization. They will therefore need
to send their data to a statistician for analysis. Statisti-
cians will tend to use a combination of programs, such
as a statistical language and a GIS platform, to ana-
lyze data [31]. This combination of statistical language
and GIS requires expertise in diﬀerent software packages,
programming languages, and data formats. And usually,
developing such a workﬂow will require a considerable
amountoftime,whichmaynotbeavailableduringanout-
break or other crisis. The rapid application development
provided by Rwui, which facilitates the integration of user
friendly interfaces, statistical analyses, and GIS visualiza-
tions, addresses these diﬃculties. In addition, web-based
distribution of the applications created by Rwui allows
them to be easily accessed in the ﬁeld using PDAs, smart
phones, tablets, and other devices which are increasingly
used in ﬁeld epidemiology [30]. The ﬂowchart on the
left-hand side of Figure 2 illustrates a typical workﬂow
where clinicians rely on statisticians to carry out a custom
data analysis. The ﬂowchart on the right-hand side of the
ﬁgure illustrates a workﬂow using Rwui to create a web
application.
There are a large number of technologies whose capa-
bilities overlap those described here. None however
provide the same combination of four key capabilities,
Figure 2 Diﬀerent approaches to the custom statistical analysis of health data, and integration with GIS visualization. The standard
approach, which involves using a statistical package in conjunction with a GIS system, is laborious and labour intensive and requires 6 steps shown
here, which may preclude its usage in a time-sensitive, critical scenario such as an outbreak. The Rwui approach only requires 3 steps for repeated
statistical analysis. The resulting webapp is platform independent and can be used on various devices (smartphones, PDAs, etc). And it is built
around a custom R script, rather than being based around a limited number of built-in statistical analyses (as in EpiInfo and other related platforms).Newton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 4 of 14
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1. web accessible R statistical analysis combined with 2.
the results overlain on dynamic map and satellite imagery
and 3. the capacity for statisticians to create such web
applications automatically without having to learn com-
plex new programming skills and 4. the ability of users,
who are unfamiliar with R programming, such as physi-
cians and medical support staﬀ, to execute data analyses
in a user-friendly and eﬃcient manner. A comprehensive
review of all the overlapping technologies is not possible
here, but some key ones will be summarized (see also fea-
ture matrix in Table 1). QuantumGIS [32] is a geographic
informationsystem(GIS)enablingthedisplayandanalysis
of data but without the in depth spatial statistical analysis
provided by R or the capabilities of web access. Mapserver
[33] allows data to be presented on web accessible maps
but again lacks the spatial statistical analysis provided by
R. SOLVAT [34] provides a method for analyzing data
using OLAP (online analytical processing) but is a Win-
dows based executable, and uses its own built-in mapping
system that cannot be shared. The EpiInfo [35], a program
developed for Windows, allows mapping using a built-
in mapping system, and some statistical functions, but
not a full statistical language, or web-based maps. With
ArcGIS [36] customised GIS web applications can be cre-
ated but again without R, and ArcGIS is not open source
or free.
plotKML [14] is a useful R package that writes R spa-
tial classes to KML (Keyhole Markup Language) ﬁles
and outputs these for display in Google Earth [37]. plot-
GoogleMaps[38]isanotherRpackageforplottingdataon
Google dynamic maps. googleVis [39] is a sophisticated R
package that allows a user to visualise R data frames using
theGoogleVisualisationAPI[40]whichincludesaccessto
dynamic maps. All three packages are excellent tools for
a statistician who wishes to view or publish the results of
their R analysis of their own data on dynamic maps. How-
ever these packages are not designed to fulﬁl the primary
role provided by Rwui. Webapps created by Rwui enable
the statistician to provide remote access to their R script
to users entirely incognizant of R so that those users can
analyse their own data, with the statistician’s R script, and
view the results on Google maps, without even knowing
they are using R. It would certainly be possible to wrap
further web code around plotKML and plotGoogleMaps
packages to provide this functionality, but this would
require an in depth knowledge of web programming.
googleVis provides details as to how to embed googleVis
in websites but a certain amount of knowledge is cur-
rentlystillrequiredtomergethenecessarytechnologiesto
create a fully functional remotely accessible webapp. The
purpose of Rwui is to relieve the statistician from having
to learn new technologies by automating the process of
creating a webapp. There are alternative ways of creating
web interfaces for R scripts, details of which can be found
in the R-FAQ on R web interfaces [41], which require
varying amounts of web programming skills and currently
lack the facility of returning results to Google dynamic
maps. Rwui ﬁlls a niche where a statistician requires
both R statistical analysis and display of data on dynamic
maps for users ignorant of R in a manner which obvi-
ates the statistician from learning any of the underlying
technology.
Inthefollowingsectionsweﬁrstexplainthemethodand
then present two example applications where results from
an R analysis are displayed on a Google dynamic map.
Methods
Running an R script from a web application
By using Rwui, a web application for running an R script
can be created without having to know any technical
details and without having to do any web programming,
but in this section we give a brief summary of the under-
lying methods.
InordertorunanRscriptfromawebapplicationweuse
aJavabasedapproach.Thewebapplicationhasthreemain
components; the View (the way in which information is
presented to the user), the Controller (controlling the ﬂow
of the application) and the Model (the data processing).
T h eM o d e lp a r to ft h ea p p l i c a t i o n ,aJ a v ap r o g r a m ,p a s s e s
the information entered by the user on the application’s
web page to the R script and then runs the script. The
applicationwaitsfortheRscripttoﬁnishandthenreturns
the results to the web page.
The R script is run using R batch mode. The batch
command is placed in a shell script, which is run as a Pro-
cess using the Java application’s instance of the Runtime
class. Before the R script is run, the values of the vari-
ables that the user entered on the web pages are passed to
the R script. The application writes this information, as R
assignments,intoatextﬁlewhichisconcatenatedwiththe
main R script prior to execution. The application waits for
thescripttoﬁnishandthendisplaystheresultsontheweb
page. Google dynamic maps are generated by Javascript,
so in order to display results on a Google dynamic map
the results, written by the R script, need to be in the form
of an appropriate Javascript ﬁle.
In Additional ﬁle 1 we elaborate on the technical details
a st oh o wa nRs c r i p tc a nb er u nb yaJ a v ab a s e dw e b
application. But by using Rwui, such a web application can
be created without having to know any of these technical
details. In the following section we describe how to use
Rwui. We then describe how to install an application once
it has been created by Rwui. Then we explain the R script
requirements for displaying results on a Google dynamic
map, namely the Javascript ﬁle that the R script needs
to produce. In the ﬁnal Methods section we describe the
use of a typical application created by Rwui that displays
results on a Google dynamic map.N
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Table 1 Comparing the features provided by Rwui with those of other systems
System Description1 Free2 Open Visualization User Automated Spatial Compatible Gui created9
source3 method4 interface5 visualization6 Statistics7 with R8
QuantumGIS Executable Program Yes Yes Various Yes Yes Some No No
Mapserver Web server Yes Yes Various Yes Yes No No No
ArcGIS Executable Program No No ESRI Yes Yes Yes No Yes
Epi Info Executable Program Yes No ESRI Yes Yes Some No No
SOLVAT Executable Program Yes Yes ESRI Yes Yes Some No No
plotKML R package Yes Yes Google No Yes Yes Yes No
plotGoogleMaps R package Yes Yes Google No Yes Yes Yes No
googleVis R package Yes Yes Google No Yes Yes Yes Yes
Rwui Webapp creating
webapps Yes Yes Google Yes Yes Yes Yes Yes
1Type of software system,
2Is the software free or commercial,
3Is the system’s source code available for use,
4The type of visualization system used,
5Is a graphical user interface available,
6Are maps automatically produced, or is further programming required?
7Can advanced spatial statistics be incorporate and customized?
8Is the software system able to incorporate R code?
9Can a custom, easy to use GUI driven stand-alone application be created?Newton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 6 of 14
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Creating a web application for running an R script using
Rwui
Rwui is a web application, accessible in a web browser
atthefollowingaddress:http://sysbio.mrc-bsu.cam.ac.uk/
R w u i .A n y o n ew i t ha nRs c r i p tc a nu s eR w u it od e s i g n
and create a web application for running their R script.
Rwui comprises a sequence of twenty web pages on which
the user designs their web application, tailoring it to the
requirements of their R script. The user can backtrack,
edit and insert features. A facsimile of the web applica-
tion they are creating is displayed in the lower part of the
current Rwui web page as the user’s design of their web
application progresses.
After entering a title and introductory text for the appli-
cation, the user of Rwui has to select the input items
that will appear on their application’s web page. Input
items may be Numeric entry boxes, Text entry boxes,
Text Area boxes, Radio Buttons, Checkboxes, Drop-down
lists, Multi-select lists, File Upload boxes, Replicate File
Upload entry, Zip File Upload boxes. Each of the input
variables of the R script, that is, those variables in the
script that require a value supplied by the user, must
have a corresponding input item on the application’s web
page. In a completed web application the association of
an input item on the web page with an input variable in
the R script works in the following manner. If, for exam-
ple, the R script variable my_num is associated with a
Numeric entry box, then the completed application will
automatically add a line to the beginning of the R script
that assigns to the R variable my_num whatever value the
user of the completed application enters in the Numeric
entry box on the web page. For example, if the user of
the completed application enters 1.234 in the Numeric
entry box then the line my_num <- 1.234 will be writ-
ten automatically at the beginning of the R script before
the script is run. Figure 3 shows a web page from Rwui.
On this page the input items that will appear in the appli-
cation are added; the facsimile of the web application
that is being created can be seen on the lower half of
the page.
T h en a m e so ft h er e s u l t sﬁ l e st ob ed i s p l a y e df o rt h e
user of the completed web application also need to be
entered whilst the application is being designed in Rwui.
Specifying that the results are to be displayed on a Google
dynamic map is simply a matter of checking a box and
giving the name of the javascript ﬁle that the R script
will write containing the code for creating the map. This
javascript ﬁle is explained in the section ‘R script require-
ments to display results on a Google dynamic map’. There
is also the option of displaying the results on a clickable
Google dynamic map. If this option is chosen, in the com-
pleted web application mouse clicks can be used to mark
out a region of interest (ROI) on the dynamic map. ROI’s
may be circles, squares, rectangles or irregular polygons
and the coordinates of the ROI are automatically made
available to the R script. Further information on ROI’s can
be found in the ‘Example applications’ section.
Subsequent pages of Rwui allow the user to specify
the layout of results and add a number of optional fea-
tures if required. For example the application can option-
ally include a login page with access controlled either
by a single password, or by username/password pairs.
Then once the user of Rwui has ﬁnished designing their
web application Rwui generates all the code for the web
application automatically. The completed web applica-
tion can be downloaded from the ﬁnal web page of
Rwui.
Installing applications created by Rwui
The download contains a compiled, ready-to-use copy
of the web application as a .war ﬁle which needs to
be installed on a suitable server. Web applications cre-
ated by Rwui run on Tomcat servers [42]. Tomcat is free
server software (under Apache License, Version 2.0 [43]),
easy to install on both Unix and Windows machines, and
with an impeccable security record. Installing a web appli-
cation created by Rwui is simply a matter of copying
the .war ﬁle to the server’s Tomcat webapps directory.
Tomcat itself requires Java [44] installed. Full instruc-
tions for installing Tomcat and Java, and for installing
web applications created by Rwui, are given in Rwui’s help
ﬁle [29].
Most users will not need to modify the source code of
the application but, for the beneﬁt of anyone who would
like to make modiﬁcations of their own to the applica-
tion the download also contains all the source code and
an Ant [45] script for rebuilding the application. In addi-
tion the download contains an XML application descrip-
tion ﬁle. This summarises all the information about the
web application in a form Rwui can read, so if a user
needs to redo an application at a later date they sim-
ply have to upload the application description ﬁle into
Rwui.
Tomcat and the web applications created by Rwui can
also be installed on individual stand-alone machines, in
which case the web applications are accessed in a browser
on the machine via the localhost address [29]. This
facility is useful when developing applications prior to
installing on a remote server for general access by multi-
ple users. However we envisage it will also be useful for
researchers performing a spatial statistical analysis of data
with their own R script who want to view the results of
their analysis on a Google dynamic map. By using the
localhost address they can do this on a stand-alone
machine and don’t have to install the web application
on a remote server. The stand-alone machine does need
to be internet connected in order to access the Google
dynamic maps.Newton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 7 of 14
http://www.ij-healthgeographics.com/content/11/1/41
Figure 3 One web page of Rwui, on which input items are added. One of the twenty web pages that comprise Rwui. A facsimile of the dynamic
map example application being created can be seen on the lower half of the page.Newton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 8 of 14
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R script requirements to display results on a Google
dynamic map
Google dynamic maps are actually created by javascript
code,fromtheGoogleMapsJavaScriptAPIv3[46],placed
on the web page. The R script associated with a web appli-
cation that is designed to display results on a Google
dynamic map must write this javascript code to a ﬁle. The
web application will then automatically include this ﬁle of
javascript at the correct place in the web page. Here is an
example of javascript code that, when written by the R
s c r i p tt oaﬁ l e ,w i l ld i s p l a yaG o o g l ed y n a m i cm a po nt h e
web page:
function initialize() {
var latlng = new google.maps.LatLng(50.975,
5.74);
var myOptions = {
zoom: 8,
center: latlng,
mapTypeId: google.maps.MapTypeId.ROADMAP
};
var map = new google.maps.Map(
document.getElementById(‘map canvas’),
myOptions);
}
This code produces a basic map, a roadmap centred at
Latitude 50.975, Longitude 5.74 and with zoom factor 8.
This is actually the map in Figure 4, but without the data
that Figure 4 overlays on the map. Further javascript code
is required to add data to the map. Data can be included
on a map in the form of markers, circles, polygons, poly-
lines and overlays. The javascript code for adding these
items is simple, and well documented in the Google Maps
Javascript API [46]. But in order to help write the neces-
saryjavascriptwehavecreatedRfunctionswhichproduce
the correct javascript for displaying data on a dynamic
map. The R functions are available from Rwui’s documen-
tation on adding dynamic maps [47] and are included here
as Additional ﬁle 2 and documented in Additional ﬁle 3.
Given a data frame of coordinates and the map options
(latitude/longitude of centre, initial zoom factor etc) the
R functions will write the javascript ﬁle needed to dis-
p l a yt h ed a t ao nt h er e q u i r e dd y n a m i cm a pa ss t a n d a r d
markers,custommarkersorcirclesofvaryingradiiand/or
colour.
As well as discrete markers, a continuous overlay can
also be displayed on a Google dynamic map, that is, a
png image which is displayed on top of the map with
av a r i a b l ed e g r e eo ft r a n s p a r e n c ys ot h a td e t a i l so ft h e
underlying map can still be seen. Normally, for Google
dynamic maps to display an overlay the png ﬁle has to
be located on a publicly accessible server. This presents
problems for applications created by Rwui since the archi-
tecture of these applications holds all results ﬁles in direc-
tories below the WEB-INF directory where they are never
publicly accessible. It also presents problems for anyone
using a web application on a stand-alone machine, using
the localhost address, rather than on a server, since
in general no ﬁles on such a machine will be publicly
accessible.
The solution is to use the ProjectedOverlay
javascript class [48,49]. This ﬁle needs to be downloaded
[50] and copied to the top level directory of an installed
webapplication.Withthisﬁlepresenta pngﬁlewrittenby
the application’s R script, and designated as being an over-
lay in the javascript code, will be overlain on the dynamic
map. The R helper functions (Additional ﬁle 2) can be
used to write the javascript code necessary for designat-
ing the png ﬁle as an overlay, simply requiring the name of
the png ﬁle, and the latitude and longitude of the overlay’s
south-west and north-east corners. Further details can be
found in Rwui’s documentation on adding dynamic maps
[47], which is included here as Additional ﬁle 4.
Depending on how an overlay is produced it may need
to be converted to the projection used by Google Maps.
Simply setting the SW and NE lat/longs of the overlay is
notsuﬃcientbecause,iftheoverlaywasgeneratedinadif-
ferent projection system, it will be warped in the Google
Maps projection. The R package raster [13] has simple to
usefunctionsforchangingarasterofvaluesfromonepro-
jection system to another. This uses the R package rgdal
[18], which requires the PROJ.4 library [21] and GDAL
[17] to be installed.
There are examples of the use of the raster package
for converting projections to create overlays for Google
dynamic maps in the R code of the example applications
(see Additional ﬁles 5, 6 and 7).
Data in the form of KML (Keyhole Markup Language)
ﬁlescanbedisplayeddirectlyontoGoogledynamicmaps.
The R package plotKML [14] provides a useful suite of
functions for writing data in the form of a number of dif-
ferent R spatial classes to KML ﬁles. As with overlays, for
Google dynamic maps to display a KML ﬁle, normally the
ﬁle has to be located on a publicly accessible server, which
presents problems for applications created by Rwui. The
solution is to use the geoxml3 KML processor [51]. This
ﬁle needs to be downloaded [52] and copied to the top
level directory of an installed web application. With this
ﬁlepresenta .kmlﬁlewrittenbytheapplication’sRscript,
and designated as being a KML ﬁle in the javascript code,
will be added to the dynamic map. The R helper func-
tions (Additional ﬁle 2) can be used to write the javascript
code necessary for designating the ﬁle as a KML ﬁle, sim-
plyr equiringt henameoft he.kmlﬁle.Furtherdetailscan
be found in Rwui’s documentation on dynamic maps [40]
(Additional ﬁle 4).
There are step-by-step guides to creating two example
web applications that display results on a Google dynamic
map [53] which are included here as Additional ﬁle 8.
Table 2 gives a summary of all the documentation andNewton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 9 of 14
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Figure 4 Meuse soil pollution example application. Screenshot of part of the web page of the Meuse soil pollution example application http://
sysbio.mrc-bsu.cam.ac.uk/dynmap example. Individual data points are marked as colour-coded circles and the results of kriging displayed as an
overlay.
resources available for Rwui and the external resources
that are required.
Using a web application created by Rwui
A web application created by Rwui presents users with
a web page in their browser window in which they can
upload data and/or select options such as parameter val-
ues. Clicking the ‘Analyse’ button sends their data and
parameter values to the server where the web applica-
tion runs the R script. The data and parameter values
entered by the user are automatically made available to
the R script. On completion of the R script the results are
returned to the user’s web page.
Prior to running the R script the application checks
the validity of the values that the user has entered and
returns an error message to the page if any are invalid.
Only numeric values or NA can be entered into Numeric
entry boxes. Numeric, Text and File Upload boxes can-
notbeleftblank.Whencreatingtheapplicationvalidation
may be turned oﬀ, although this is not recommended.
On completion of the analysis, the results are displayed
in the lower half of the web page. Below the results a link
appears to a Results page for this particular submission
(that is, for the last activation of the ‘Analyse’ button). The
user can change data ﬁles and/or the values of any of the
v a r i a b l e sa n d / o rt h es h a p ea n d / o rs i z eo ft h er e g i o no f
interest, and re-analyse, and the new results will appear
on the web page and another link will be added at the bot-
tom of the page, and so on. Clicking on a link brings up a
dedicated Results page for the corresponding submission.
Ifananalysiswilltakesometimetocompletethen,when
designing the application with Rwui, it is possible to spec-
ify that real time progress information is displayed for the
user whilst the application is running.
Example applications
Example 1: Meuse soil pollution
The ﬁrst example application can be found at http://
sysbio.mrc-bsu.cam.ac.uk/dynmap example. This dem-
onstrationapplicationrunstheexamplekrigingcodefromN
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Table 2 List of Rwui resources and documentation, required external resources and useful external resources
Rwui resources and documentation
Rwui http://sysbio.mrc-bsu.cam.ac.uk/Rwui
Documentation: Rwui http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/Instructions.html
Step-by-step guide: Basic webapp http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/quick tour.html
Documentation: Displaying dynamic maps http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/dynmap docs/index.html
Step-by-step guides: Dynamic map webapp http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/dynmap step by step/index.html
R functions: creating dynamic map javascript http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/dynmap functions.R
Documentation: R functions http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/dynmap functions docs/index.html
Example app: Simple http://sysbio.mrc-bsu.cam.ac.uk/dynmap simple example
R code: Simple app http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/dynmap simple example.R
Example app: Meuse http://sysbio.mrc-bsu.cam.ac.uk/dynmap example
R code: Meuse app http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/dynmap example.R
Example app: Malawi http://sysbio.mrc-bsu.cam.ac.uk/click dynmap example
R code: Malawi app http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/click dynmap example.R
R code: preprocessing population data http://sysbio.mrc-bsu.cam.ac.uk/Rwui/tutorial/dynamic map tutorial/preprocess.R
External resources required
Tomcat http://tomcat.apache.org/
Java http://www.oracle.com/technetwork/java/javase/downloads/index.html
Google Maps API key https://developers.google.com/maps/documentation/javascript/tutorial#api key
ProjectedOverlay http://code.google.com/p/geoxml3/source/browse/trunk/ProjectedOverlay.js
Useful external resources for managing projections
R packages: raster, sp, rgdal, geosphere, rsaga, proj4, rgeos, plotKML http://cran.r-project.org/web/packages/
GDAL http://www.gdal.org/
PROJ.4 http://trac.osgeo.org/proj/
GEOS http://trac.osgeo.org/geos/
SAGA http://www.saga-gis.org/en/index.htmlNewton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 11 of 14
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the R package sp [12], on the Meuse River soil pollu-
tion data [54]. Figure 4 shows a results page from this
application. The individual pollution measurements can
be marked on the map as either colour-coded or radius-
coded circles. The output from the kriging is overlain on
the map. Controls to select the transparency of the over-
lay are automatically included below the map. From the
map in Figure 4, a strong trend can be observed, with high
zinc levels being closest to the river. A few inland regions
with elevated levels, which can be easily explored using
the interactive map, also become immediately apparent.
The R code that reads the data ﬁle, performs the kriging,
creates the overlay ﬁle and writes the javascript ﬁle can be
found in Additional ﬁle 5.
Example 2: Malawi population density databases
The second example application, found at http://sysbio.
mrc-bsu.cam.ac.uk/click dynmap example, demonstrates
a clickable dynamic map. As well as the overlay trans-
parency controls, radio buttons are automatically added
below the map by which the type of region of interest
(ROI) can be selected. ROI’s may be circles, squares, rect-
angles or irregular polygons. The ROI is added to the
map by mouse clicks and its size and/or shape adjusted by
mouse drags. On pressing the ‘Analyse’ button the latitude
and longitude coordinates of the ROI are made available
to the R script prior to it being run. This example appli-
cation displays an overlay showing the population den-
sity of Malawi from three diﬀerent population databases
GRUMP [55], GPW [56] and Afripop [57]. Databases
giving estimates of population densities are essential
in disease prediction [58], and there are a number of
databases available using slightly diﬀerent methodologies
for estimating population densities. The example applica-
tion compares the population density information for the
country of Malawi contained in three such databases. The
Figure 5 Malawi population density example application. Screenshot of part of the web page of the Malawi population density example
application http://sysbio.mrc-bsu.cam.ac.uk/click dynmap example. Data from the GRUMP database is displayed. A square region of interest has
been selected by the user, and the summary statistics for this area can be seen on the right of the screen.Newton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 12 of 14
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data from a single database may be displayed, or the mean
of two or three, or the diﬀerence of any two. If a ROI is
drawn then pressing the ‘Analyse’ button will return sum-
mary statistics for the population density in the selected
ROI. Figures 5 and 6 show results pages from this appli-
cation. By rendering the data from the diﬀerent databases
into an interactive map, discrepancies between databases
can be visually explored and interrogated easily by cre-
ating ROIs. Diﬀerences in data may indicate signiﬁcant
diﬀerences in methodologies and be of particular interest.
In this example the data displayed on the map is not
uploaded by the user. The data from the three databases
was preprocessed into a suitable form and saved as
.Rdata ﬁles. These were bundled as subsidiary ﬁles with
theapplicationwhenitwascreatedwithRwui.TheRcode
used to preprocess the raw data from the three databases
is given in Additional ﬁle 6. The R code that reads in the
.Rdata ﬁles, creates the correct overlay and produces the
summary statistics for the selected ROI can be found in
Additional ﬁle 7.
Conclusions
We have developed a free and easy to implement method
by which statisticians working in R can display results on
dynamic maps. Using this method statisticians can pro-
duce customised web accessible geographic information
systems dedicated to speciﬁc spatial statistical analysis
problems. We think this will be a useful additional tool in
the range of free tools currently available in the ﬁeld of
health geographics. The web applications created by Rwui
are open source, as is R, but users should note that Google
dynamic maps are not open source.
T h e r ea r ean u m b e ro fa d v a n t a g e so fu s i n gaw e bi n t e r -
face to an R script. It means that the R analysis can be
used by anyone even if they do not know any R, or even
have R installed on their machine. The R analysis can be
Figure 6 Malawi population density example application. Screenshot of part of the web page of the Malawi population density example
application http://sysbio.mrc-bsu.cam.ac.uk/click dynmap example. The diﬀerence between the Afripop and GRUMP databases is displayed. An
irregular polygon region of interest has been selected by the user, and the summary statistics for this area can be seen on the right of the screen.Newton etal. InternationalJournalofHealthGeographics 2012, 11:41 Page 13 of 14
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made available remotely via the internet, and updating the
R script is simply a matter of updating the one copy on
the server. The beneﬁt to the statistician in using Rwui
to create such a web application is that they do not need
to learn java-based web programming in order to create
a web interface for their R script, all the programming
is done automatically. The disadvantage in using Rwui,
rather than programming the whole application from the
beginning, is inevitably some reduction in ﬂexibility in
the design of the application. Rwui has however been cre-
atedtoincludemostfeaturescommonlyrequiredbyusers.
The beneﬁts of Google dynamic maps are two-fold. Firstly
the ability to swap between map and satellite imagery.
Secondly the ability to zoom and pan so that maps can
easily be examined at diﬀerent levels of resolution. A lim-
itation of Google dynamic maps is that they do require
an internet connection. With a slow internet connection
Google dynamic maps may take a while to load, especially
with complex overlays. R itself can be relatively slow soft-
ware, but including C++ with R code can improve speeds
greatly. A current limitation of web applications created
by Rwui that display results on Google dynamic maps is
that only single regions of interest may be drawn. The
applicationsarealsocurrentlyonepageapplications.They
are however open source so can provide a foundation for
coding more complex applications containing a series of
web pages.
Future work will concentrate on extending the capabil-
ities of the method; for example allowing a user to create
multiple regions of interest on a map. We also aim to pro-
duce further helper functions to convert the output from
R packages into Google Maps API javascript code and to
produce a downloadable open source version of Rwui.
Additional ﬁles
Additional ﬁle 1: Technical details - how to run an R script in a Java
based web application.
Additional ﬁle 2: R functions for writing Javascript for displaying
Google dynamic maps with data overlays.
Additional ﬁle 3: Documentation for R functions for writing
Javascript for displaying Google dynamic maps with data overlays.
Additional ﬁle 4: Documentation on using Rwui to create a web
application displaying results on a Google dynamic map.
Additional ﬁle 5: R code for the Meuse soil pollution example
application at http://sysbio.mrc-bsu.cam.ac.uk/dynmap example.
Additional ﬁle 6: R code for pre-processing database downloads for
Malawi population density clickable example application at http://
sysbio.mrc-bsu.cam.ac.uk/click dynmap example.
Additional ﬁle 7: R code for the Malawi population density clickable
example application at http://sysbio.mrc-bsu.cam.ac.uk/
click dynmap example.
Additional ﬁle 8: Step-by-step guide to using Rwui to create
webapps that display R script results on Google dynamic maps.
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